Introduction
The devastating spread of Dutch Elm Disease (DED) in a country often triggers emergency conservation actions consisting of the preservation of clonal material (cuttings, grafts) in ex situ collections known as "clone archives" or "clone banks". However, static preservation approaches are not sufficient from an evolutionary perspective and need to be complemented with dynamic conservation methods (Collin et al. 2004) . Such methods aim at facilitating the adaptation of the conservation populations, and the species genetic resources more generally, to a changing environment (e.g., climate, diseases).
Dynamic conservation requires active population management actions promoting natural selection, which is the "engine" of the adaptation process, and sufficient withinstand genetic diversity, which is the "fuel" needed in this process. Consequently, management measures in Dynamic Conservation Units (DCUs) not only entail dynamic silviculture to speed-up regeneration turn-over but also a special attention to genetic diversity, particularly in the stand regeneration phases. By maintaining a large number of flowering and seed-trees, and facilitating pollen and seed production, managers can combat diversity-reducing evolutionary forces (genetic drift, inbreeding). By maintaining corridors and using restoration ecology methods in fragmented populations, they can facilitate gene flow, which is a strong evolutionary force for increasing diversity.
Herein, we summarize the process followed by the "European Forest Genetic Resources Programme" (EUFORGEN) to monitor the progress of dynamic conservation of elm and other forest tree genetic resources (FGR) at pan-European level. Using the case study of the European white elm (Ulmus laevis Pall.) in France, we also give an illustration of dynamic conservation methods employed at country level. Finally, we briefly discuss the possible links between restoration and dynamic conservation (case of field elm, U. minor Mill., plantations in France) and the need to build a large consortium of stakeholders to trigger new implementation efforts.
Promoting and monitoring dynamic conservation in a panEuropean perspective

Promoting European conservation strategies and assembling conservation data
The dynamic conservation of elm genetic resources was promoted by EUFORGEN through a dedicated Ulmus species strategy (Collin 2002 ) and a "Technical Guidelines" six-page leaflet devoted to the conservation of Ulmus laevis Pall. (Collin 2003) .
More generally, EUFORGEN has defined methods and created a geo-referenced database to monitor the progress of dynamic conservation of FGR in Europe. Before 2011, it was difficult to pool information iForest (2015) Many European countries have undertaken the static preservation of native elm genotypes in clone collections maintained ex situ. Less development has been devoted to the dynamic conservation of elm populations in situ. Case studies of elm conservation in France are given here as an illustration of methods employed at country level. We also briefly review the process used by the "European Forest Genetic Resources Programme" (EUFORGEN) to monitor elm dynamic conservation in a pan-European perspective. Dynamic conservation methods were promoted by EUFORGEN through leaflets, strategies, Technical Guidelines and the geo-referenced database EUFGIS on Dynamic Conservation Units (DCUs). Because the network of DCUs needs to be representative of the partitioning of adaptive diversity across the species distribution range, a GIS-aided approach has been developed to position DCUs in environmental zones and identify conservation gaps. The two DCUs of European white elm (Ulmus laevis Pall.) selected in riparian forests of two different climatic zones of France show that management oriented toward habitat protection is compatible with dynamic conservation, and that the species can still be conserved in situ in spite of Dutch Elm Disease (DED). Collaboration with habitat conservationists enabled the monitoring of losses to DED and the assessment of within-population diversity for flowering phenology. Collaboration with forest geneticists revealed that the diversity of the Garonne population was low, but that it contained rare DNA variants and adaptive traits. Since 1987, experimental restoration of countryside hedges has been carried out, using field elm clones (U. minor Mill.) selected from the French national collection and tested for lower susceptibility to the agent of DED in artificial inoculation tests. Such plantations can be viewed as a very dynamic form of conservation if they permit the local gene pool to be reinforced with trees able to reach sexual maturity and exchange pollen with elms in the neighborhood, hence contributing new genotypes that will be submitted to natural selection and provide fuel for ongoing adaptation processes. Initiatives assembling a large consortium of stakeholders, including habitat conservationists and hedge re-constructors, are needed to trigger new conservation projects. Minimum requirements for DCUs include various criteria: biological (a minimum number of reproducing trees), legal (have a designated status as an FGR conservation area at national level) and management (be managed for the genetic conservation of one or several target tree species, be monitored regularly - Koskela et al. 2013) .
Whereas the static preservation of elm clones has already been carried out in many European countries, the low number of DCUs entered by the National Focal Points in the EUFGIS database shows that efforts are still needed for successful dynamic conservation. In September 2013, the number of DCUs was 27 in seven countries for the wych elm (Ulmus glabra Huds.), 17 in six countries for the European white elm and only two in two countries for the field elm.
Identifying dynamic conservation gaps at a pan-European level
In 2011, a EUFORGEN working group was created to define methods for assessing progress in dynamic conservation and to identify gaps in the network of conservation units. Considering that a conservation priority was the adaptive diversity of forest trees throughout their distribution ranges, the working group proposed that a climatic zoning of Europe could be used as a proxy for characterizing the diversity conserved in the DCUs across the continent. With some simplifications, the global environmental stratification of Metzger et al. (2013) was considered an appropriate climatic zoning for the purpose of the working group, and the 14 zones defined by Metzger et al. for Europe were conveniently aggregated into seven (Fig. 1) , plus one specific to the Canary Islands. In the case of U. laevis, the species distribution area appeared to stretch over five environmental zones, out of which four are represented in DCUs (Fig. 2) . However, the distribution range of U. laevis needs to be revised, adding recently discovered marginal populations (Fig. 3) .
Gaps in conservation efforts were identified based on country borders and climatic zones within each country (country x zone). The country x zone within the distribution range of the species where there are no conservation units, represents the gaps in conservation efforts. The establishment of new units is a national responsibility. Furthermore, the working group applied a systematic approach to select one conservation unit in each country x zone at the pan-European level for the establishment of a core network of dynamic conservation units. The EUFOR-GEN National Coordinators and the EU-FGIS National Focal Points will be asked to comment on the selection of the units in their country and will have an opportunity to propose changes. Additional conservation units covering migration routes, refugial areas and contact zones between migration routes can be selected for the core network, once this information is available ).
Practical implementation of dynamic conservation at country level
Case study: selection and monitoring of DCUs of U. laevis in France
The French policy for the conservation of FGR is defined and financed by the ministry of agriculture flanked by the scientific expertise of the "Commission of Forest Genetic Resources" (CRGF). A conservation programme combining ex situ and in situ methods has been set up for the three native European elm species . As regards the dynamic conservation of the white elm, priority was given to resources of interest to a pan-European perspective, i.e., populations at the southern margin of the species distribution area and/or possibly possessing some interesting adaptive diversity traits (e.g., adaptation to the warm climate of southwest France). Consequently, despite the fact that U. laevis is naturally distributed in the Rhine valley and northeast France in general, DCU selection efforts were targeted on two western hydrographic zones of France, the Loire and the Garonne basins (Fig.  4) . Subsequent conservation priorities will focus on the southern part of the Rhône basin, where U. laevis is extremely rare, and the Seine basin where the species is naturally distributed in small fragmented populations.
When selecting DCUs, particular attention was given to population size (at least 50 reproducing trees) and its capacity to survive and regenerate in spite of DED pressure. Other requirements were that ownership and status would permit active management and that local managers were willing to contribute to the monitoring of the target species population. Conversely, no strong requirement was made for the autochthony of the population, because this criterion is difficult to evaluate in many cases, and also because a well adapted genetic resource at the margin of the species distribution area is a valuable resource, even if its autochthony is uncertain.
Two DCUs of U. laevis have been approved by the CRGF commission and entered into the EUFGIS database: the "Val d'Allier" DCU in the Loire basin, and the "Ramier de Bigorre" DCU in the Garonne valley. The former was preferred to other candidate DCU populations because its whole area is state owned and managed for nature conservation. The latter was the only large population inventoried in the Garonne valley, and its management and monitoring are also very good. Its autochthony is not consistent with Atlas Florae Europaeae (Jalas & Suominen 1976 ), but seems possible according to Schmucker (1942) . Moreover, a study of chloroplast DNA markers carried out with B. Demesure-Musch (Office National des Forêts, Orleans) on 67 leaf samples originating from southwest France showed that 10 samples had a rare cpDNA type which was found neither in the rest of France, nor in Belgium and Germany (Cemagref, Final report DERF 02/98, 2000) . Further molecular research showed that this rare haplotype exists also in Spain, suggesting that the Spanish and southwest France populations are autochthonous and possibly originate from a refugium in the Pyrenees (FuentesUtrilla et al. 2014).
Description and monitoring of the "Ramier de Bigorre" DCU
The DCU stretches over 6 km along the Garonne River and covers about 118 ha of remnants of the original riparian forest, which has been destroyed and fragmented for agriculture and poplar cultivation (Fig.  5) . It is composed of two major subpopulations, comprising over 700 white elms with a diameter at breast height (DBH) exceeding 5 cm, and complemented with two other woodlands where a few scattered white elms can contribute gene flow to the main subpopulations. Some more U. laevis trees can also be found upstream of the DCU, in the rare wooded areas left between the DCU and the suburbs of Toulouse.
An inventory and the durable labelling of the large white elms (diameter over 20 cm) was carried out in 2000 in the two major subpopulations, in order to enable the monitoring of tree mortality and the identification of trees sampled for genetic studies and/or seed harvest. A new inventory was carried out when the metal labels had to be replaced in 2012, revealing no mortality caused by DED on the labelled trees of one subpopulation and rare losses in the other. Some mortality was also caused by DED on smaller, unlabelled, white elms. In spite of those losses and DED symptoms on other trees, the capacity of the U. laevis population to survive and regenerate was not considered seriously challenged by DED pressure.
The genetic diversity study of several European U. laevis populations was carried out by Rachel Whiteley in the frame of her PhD thesis (Whiteley 2004) . Most of the samples representing the Garonne provenance were taken in the "Ramier de Bigorre" DCU or neighbouring woodlands; 18 trees were included in the nuclear DNA microsatellite study, and 19 families in the adaptive characters study. The Garonne provenance was compared to central (Germany), Nordic (Sweden) and eastern (Moscow) populations. The results of the molecular studies and common garden experiments by Whiteley reinforce the reasons for conserving the Garonne genetic resource: (i) a rare cpDNA type exists in the Garonne population; and (ii) bud set is later in the Garonne population. The lower mean allelic richness of the Garonne population was however indicative of possible risks of genetic drift. Such concern fully confirms the method employed in 2001, when a restoration plantation was carried out in a sector of the DCU invaded by Acer negundo L. The 129 U. laevis seedlings used in this plantation were representative of 19 half-sib families originating from different places of the DCU and neighbouring woodlands; the plants of the different families were randomly distributed over the plantation area.
Description and monitoring of the "Val d'Allier Nature Reserve" DCU
The DCU stretches over 20 km along the Allier River, a major tributary of the Loire with very active hydro-sedimentary dynamics. It covers about 200 ha of riparian forest dominated by the black poplar (Populus nigra L.) and the white willow (Salix alba L.), and contains a large, young population of U. laevis. About 540 white elms with a DBH exceeding 5 cm were inventoried in 2003, with only 20 over 30 cm and only one over 60 cm. The population was generally less than 30 years old, and never more than 50. More white elms, including large ones, can be found in neighbouring areas of the floodplain as well as upstream of the DCU.
There is no clear explanation for the relatively recent and rapid development of U. laevis in the DCU, but hydrologic factors and the reduction of the rabbit population on the river banks may have played a role.
To monitor the abundance of flowering and fructification, and the impact of DED in the population, a sample of 98 trees was selected in 2004 in different sectors of the DCU. Protocols for scoring flowering stages (Fig. 6 ) and estimating seed abundance as well as full-seed percentages were established by scientists with the local managers in charge of the surveys and the collection of seed lots.
Results of three monitoring campaigns (2004) (2005) (2006) revealed some diversity in flowering phenology within and between geographic sectors, up to a 10-day lag between trees. Percentages of flowering trees, fructification abundance and full seed were found to be good to excellent every year (Tab. 1 - Collin et al. 2009 ). The impact of DED was assessed in the same period and in January 2014, totaling 27 losses (28%) in 10 years. The survival and regeneration capacity of the U. laevis population was not judged to be clearly endangered, but the pathologic pressure was found worryingly strong in some sectors. Regeneration was not monitored precisely but considered low. In collaboration with the Research Institute for Nature and Forest (INBO, Flanders, Belgium), the geographical partitioning of neutral genetic diversity was investigated on a subsample of 45 trees characterized with molecular markers (AFLPs), revealing that one sector is distinct from the other sectors in the sample (Cox, INBO report 2012).
Concluding remarks and perspectives
The implementation of elm genetic resources dynamic conservation has markedly progressed in the last decade but EUFGIS data analysis shows huge conservation gaps and suggests that considerable efforts are still needed for the selection of DCUs of native European elm species across their natural ranges. This is the case for U. laevis at the southern and northern margins of the species range, although rapid improvement is expected at the south margin as an outcome of the conservation programmes deployed in Spain ) and starting in Italy (Pepori et al. 2013) . This is also the case for U. glabra in the southern and western parts of its range. The situation for U. minor needs to be discussed more specifically because of the extremely low number of DCUs (only two) in the present state of the conservation network. Three reasons are likely to explain the lack of interest for the in situ conservation of U. minor populations: (i) conserving mature trees is considered impossible because the species hardly ever escapes and survives contamination by DED; (ii) genetic conservation occurs naturally through roots suckers and seedlings; (iii) U. minor genetic resources are maintained in ex situ clone banks. In spite of these reasons and the impossibility of combating the continuous pressure of DED, selecting DCUs in large riparian natural populations of U. minor would facilitate the monitoring and protection of regeneration. Even more dynamic conservation measures could be employed in areas where U. minor has been cultivated for centuries as a major part of the landscape, particularly in countryside hedges between fields and along paths and ditches. In such cases, dynamic conservation measures could depart from the clear strategy and in situ methods defined in the EUFGIS project, and blur the differences between in situ and ex situ conservation strategies.
From dynamic conservation to "dynamic restoration": the case of field elm hedgerows in France
Dynamic conservation is generally understood as a form of in situ conservation clearly separated from restoration and ex situ approaches, and planting low diversity allochthonous material in endangered populations is clearly not a recommended conservation option. The case is however different when landscape restoration is carried out with large diversity plant material originating from the same region and climatic zone. Such restoration actions can be viewed as an extremely dynamic way of reinforcing the local gene pool, even if the wording "conservation" is rejected or questioned for such courses of action. "Dynamic restoration" may become an increasingly useful tool for FGR conservation in the future, especially in the context of climate change.
An illustration of very dynamic use of conservation material can be found in the case of the field elm reintroduction experiments carried out in local programmes on field hedge reconstruction in different parts of France. Plantations are realized with native U. minor clones selected in the national collection for their better tolerance to the agent of DED in artificial inoculation tests (i.e., compared with other native elm material).
The elms are planted among other tree and shrub species, with at least five ramets per elm clone in randomized single tree plots. These kinds of plots enable an evaluation of the field tolerance of the planted material and also facilitate cross-pollination between clones. Owing to their relatively good tolerance to DED, some of the planted elms are likely to live long enough to produce flowers and exchange pollen with other elms in the plantation and also in their neighborhood, hence contributing seedlings (i.e., new genotypes) that will be submitted to natural selection and provide fuel for ongoing adaptation process. Consequently, the network of plantation plots created in the frame of the elm conservation programme serves both the field experimentation and the dynamic conservation purposes at the same time.
Perspectives: towards a consortium for elm dynamic conservation
Implementing the dynamic conservation of elms remains a national responsibility, but projects are more likely to be launched when they receive international support, e.g., co-financing by the European Commission. Consequently, a consortium of scientists (geneticists, ecologists), land managers (farmers, conservationists, foresters) and other stakeholders (nursery managers, seed merchants) is needed to set up projects. The participation of EUFORGEN in such a consortium would ensure the coordination of actions from a pan-European perspective and facilitate the dissemination of project results. -49%  2005  100%  65%  71%  2006  93%  39%  60% 
